we determined the CN, C 3 and C 2 production rates and the parent and daughter scale lengths up to 5.2 10 5 km tailward. From high resolution IR spectroscopy with CRIRES at UT1 we measured simultaneously the production rates and mixing ratios of H 2 O, HCN, C 2 H 2 , CH 4 , C 2 H 6 , and CH 3 OH.
Introduction
Determining the composition of cometary nuclei is essential for understanding the formation and evolution of volatile material within our solar system.
Observational evidence supports chemical diversity among comets that may reflect the diversity of conditions in comet-forming regions in the solar nebula.
However, comets experienced different processing histories whose importance has to be properly investigated both theoretically and observationally. The orbits of Halley-family comets (HFCs) have evolved to periods less than 200 years, making them the most processed Oort-cloud comets. However, HFCs are underrepresented in compositional surveys.
The 2008 apparition of comet 8P/Tuttle was an excellent opportunity to perform a detailed investigation of the composition of a HFC with modern techniques.
Observations during the 1980 apparition showed 8P/Tuttle to be typical in C 2 abundance relative to H 2 O (C 2 /H 2 O ~ 4.1 x 10 -3 ), with an inferred H 2 O production rate between ~1.6 and 5.7 x 10 28 mol s -1 at a heliocentric distance (R h ) between 1.02 and 1.16 AU (A 'Hearn et al. 1995) . The high resolution spectroscopic observations in the optical domain ( λ / Δλ =80000, [303-1004 nm]) had several objectives, among which measurements of carbon and nitrogen isotopic ratios and the ortho-to-para (OPR) ratio in NH 2 .
Observing Circumstances
Synthetic spectra of 12 C 14 N, 13 C 14 N, 12 C 15 N (0,0) bands at 388 nm were computed using a fluorescence model (Zucconi & Festou 1985) . The isotope mixture was adjusted to best fit the observed continuum subtracted spectrum (Arpigny et al. 2003) . This is illustrated in Figure 1 . The carbon isotopic ratio found in 8P/Tuttle The Haser model was used to fit the CN, C 3 and C 2 column density profiles and to derive production rates, parent (lp) and daughter (ld) scale lengths (Table 2 ).
For CN, the spatial coverage was not sufficient on the sunward side, so that the scale lengths were fixed to the values measured tailward. A parent and daughter expansion velocity of 1.0 km/s was assumed.
Table2. CN, C 3 , C 2 production rates and their parent (lp) and daughter (ld) scale lengths for the sunward and tailward sides using a Haser model. Festou et al. 1998; Fray et al. 2005) . However, using the C 2 N 2 photodissociation rate and CN ejection velocity of 2-3 km s -1 given by Bockelée-Morvan and Crovisier (1985), we infer an equivalent parent scale length lp = 0.6-1.2 10 4 km much shorter than observed.
Radical date
The fits for C 2 are the poorest. A complex chemistry model is needed to reproduce the C 2 and C 3 profiles as these species are produced in more than one reaction step from several parent species (Helbert et al. 2005) .
Mixing ratios and production rates of parent molecules
Infrared high resolution spectroscopy observations (λ/Δλ=50000, [2.9-3.3μm])
with CRIRES were conducted to measure the production rates and abundance of several parent molecules ( figure 4 ). An important objective was to compare HCN and C 2 H 2 production rates to those of their daughter products CN and C 2 observed simultaneously with FORS 1.
Table3. Mixing ratios and production rates of parent molecules (Kobayashi et al. 2009, in preparation) Molecules The CN/HCN ratio is ~ 3, suggesting that there is another source of CN in the coma. This has been already noticed for a number of comets (Fray et al. 2005) .
A similar conclusion is reached for C 2 , as the C 2 /C 2 H 2 ratio is ~ 8. 
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